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AERODYNAMIC CHARACTERISTICS OF
THE HL-10 MANNED LIFTING ENTRY VEHICLE
AT A MACH NUMBER OF 10.5*

By Charles L. Ladson
Langley Research Center

SUMMARY

The longitudinal, directional, and lateral stability and control characteristics of a
model of a manned lifting entry vehicle with negative camber, a flat bottom, blunt leading
edges, and a delta planform (designated HL-10) have been determined at a Mach number
of about 10.5. The configuration was stable about all axes throughout the trim angle-of-
attack range of 270 to 51°. The maximum trimmed lift coefficient was about 0.48 and the
maximum trimmed lift-drag ratio was about 1.08. These trimmed values are in close
agreement with data previously obtained at a Mach number of 6.8, but the trim angle-of-
attack range is much less because of a loss in longitudinal control effectiveness with
increasing Mach number. In general, lateral control effectiveness increased with
increasing positive elevon deflection and angle of attack, and the data show fair agreement
with data for a Mach number of 6.8. Although the center-fin rudder is ineffective in the
trim angle-of-attack range, directional control can be provided by use of tip-fin rudders
if desired.

INTRODUCTION

General studies of lifting bodies have been underway at the Langley Research Center
for several years. In early 1962, a specific study was undertaken to develop a manned
lifting entry vehicle having a maximum hypersonic lift-drag ratio of about 1. As a result
of preliminary work, a configuration with negative camber, a flat bottom, blunt leading
edges, and a delta planform was selected for testing throughout the Mach number range.
Aerodynamic results of this investigation, most of which are published in references 1
to 33, show that this body shape (designated HL-10) in combination with toed-in, rolled-
out tip fins and a vertical center fin (designated I4 and E9, respectively, in the references)
has static stability and is controllable throughout the range of test variables investigated

for values of lift coefficient up to about 0.50. For Mach numbers from low subsonic to
N
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supersonic, the range of test variables studied has included most of the control deflec-
tions necessary for the definition of the characteristics of a flight vehicle. At hypersonic
speeds, however, the data available with fins I4 and Eg are limited to tests at a Mach
number of 6.8 in air (ref. 15) and 20 in helium (ref. 13). The data obtained in air do not
include detailed directional and lateral stability characteristics or roll-control character-
istics at angles of attack above about 30°. The data obtained in helium are for an elevon
deflection angle of 00 only. Several different elevon planform shapes have been tested on
the HL-10 and the shape used herein was the current elevon at the time the tests were
conducted. The sweep of the outer elevon chord is different from that of the elevons on
the flight vehicle being tested at the NASA Flight Research Center. A comparison of the
subsonic longitudinal characteristics with the various elevon planform shapes is presented
in reference 33.

The purpose of this report is to present detailed longitudinal, directional, and lat-
eral stability and control characteristics of the HL-~10 vehicle with tip fins I4 and center
fin E9 at a Mach number of 10.5. The data were obtained at angles of attack up to about
600 at a Reynolds number based on model length of about 1.6 X 106. Some additional data
for low angles of attack and positive elevon deflection angles are presented at Reynolds
numbers of 1.1 x 106 and 2.3 x 106. Where possible, the summary curves are compared
with previous hypersonic data on this configuration from references 13 and 15.

SYMBOLS
b span, inches (centimeters)
Ca axial-force coefficient, Axial force/qS
Cp drag coefficient, Drag/qS
Cy, lift coefficient, Lift/qS
Cl rolling-moment coefficient, Rolling moment/qSb
CZB = ACZ/AB per degree
Cm pitching-moment coefficient, Pitching moment/qSt
ACp = (Cin)6e#0 - (Cm)oe=0
Cn normal-force coefficient, Normal force/qS
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Cn

yawing-moment coefficient, Yawing moment/qSb

Cn 8= ACp/AB per degree

Cy

side-force coefficient, Side force/qS

Cy g = ACY/Aﬁ per degree

L/D

X,Y,Z

X,y,z

lift~drag ratio

body length, inches (centimeters)

free-stream Mach number

stagnation pressure, pounds/inch? (meganewtons/meter2)
free-stream dynamic pressure, pounds/inch2 (newtons/centimeter?2)
Reynolds number based on body length 1

reference area equal to projected planform area with elevons, inches?
(centimeters2) '

stagnation temperature, degrees Rankine (degrees Kelvin)
body axes

distances along body axes, inches (centimeters)

angle of attack, degrees

angle of sideslip, degrees

aileron defléction angle, equal to right-elevon deflection angle minus left-
elevon deflection angle, degrees

resultant angle of elevon deflection (positive when trailing edge is down),
(%e right + be,left) /2 measured relative to aft lower surface of model and
normal to hinge line, degrees




op rudder deflection angle, angle between rudder outer surface and tail outer
surface ahead of rudder, measured in plane normal to rudder hinge line,
positive for trailing edge left, degrees

MODEL AND DESIGNATIONS

A two-view drawing showing the basic dimensions of the HL-10 vehicle in combina-
tion with tip fins I4 and center fin Eg is presented in figure 1(a). Cross sections of the
vehicle with the tip fins off and on are presented in figure 1(b). All fin designations used
herein are a continuation of those established for the HL-10 program in the references.

Nondimensional ordinates of the body and tip fins of the 12-inch-long (30.48-cm)
model are presented in table I. Ordinates for the basic body have previously been pub-
lished in reference 1 for the 8-inch (20.32-c¢cm) model and in reference 5 for the 12-inch
(30.48-cm) model. These measurements were not as detailed and were not obtained by
as precise a method as were the present measurements. In scaling these values up to
larger-~-sized vehicles, some scatter in the points will be noted because of the small size
of the model measured and the accuracy of the machining of the model.

Three rudder configurations were tested and details of these are shown in fig-
ure 1(c). The center-fin rudder is identical to that used on the vehicle in tests at lower
Mach numbers, while the tip-fin rudders have been tested in the present program only.

The model and all components were constructed of stainless steel because of the
high model-equilibrium temperatures expected during the tests. As much of the model
interior as was practical was removed to reduce weight and keep the balance tare loads
low. The elevons were hinged and the various deflection angles were obtained by placing
dowel pins in appropriate holes. The rudder deflections were simulated by solid wedges
mounted on the fin surface.

Two different sting-support configurations were used to obtain the data throughout
the range of angle of attack. For angles from 0° to about 30°, a straight sting was
inserted through the base of the model. For tests at angles of attack from about 30° to
600, an offset sting was inserted through the model upper surface. In both cases, the
balance was housed inside the model. Drawings of the two support systems are shown in
figure 2(a) and a photograph of the model with bent sting is shown in figure 2(b). Shad-
owgraphs of the vehicle with the two support systems are shown in figure 3. When
mounted on the bent sting, the model was tested without the center fin E 2. This omission
of the center fin at the high angles of attack (30° to 60°) is justified by data obtained at
low angles of attack (0° to 30°); these data have shown that the center fin has no aerody-
namic contribution above an angle of attack of 25° because the fin is shielded from the
flow. Therefore, throughout this paper the term "complete configuration" is used to
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define the vehicle with tip and center fins on at low angles of attack and with only tip fins
on at the high angles of attack.

All coefficients are based on the total projected planform area, the span, and the
length of the model without tip fins. The moment center is located at 53 percent of the
body length behind the nose and at 1.25 percent of the body length below the reference
center line. The reference areas and lengths are as follows:

S = 51.40 inches2 (331.61 centimeters2)
b = 7.73 inches (19.64 centimeters)
I =12.00 inches (30.48 centimeters)
APPARATUS, TESTS, AND PROCEDURE

The data contained herein were obtained in the Mach 10 test section of the Langley
continuous-flow hypersonic tunnel. This 31-inch-square (79-cm-square) test section
operates at stagnation pressures from about 20 to 150 atmospheres (2.03 MN/m2 to
15.20 MN/m2). A description and calibration of the facility is presented in the appendix.

Tests were made at three stagnation pressures, and the following table presents
the stagnation temperature, Mach number, and Reynolds number based on model length
for each pressure:

Pt Tt
M R
psi MN/m?2 OR oK
850 5.86 1760 978 10.41 1.1 x 109
1200 8.28 1760 978 10.46 1.6
1800 12.42 1760 978 10.49 2.3

Most of the data were obtained at the intermediate stagnation pressure.

The angles of attack and sideslip of the model were determined from the measured
strut angles and calibrations of the deflection of balance and sting due to aerodynamic
load. The data were obtained on a six-component, internal, electrical strain-gage bal-
ance. Both the balance housing and sting-support system were water cooled to protect
the balance from the high air temperatures. Base-pressure measurements were made
for several of the configurations tested and, in general, varied from about one-half stream
static pressure (about 0.5 mm Hg) to about twice stream pressure (2 mm Hg). The




contribution of base pressure to axial force, based on these measurements, is small
compared with the measured axial force; thus, the data presented have not been corrected

The lateral and directional stability data were obtained at sideslip angles between
0° and 10°. Since the data for some configurations were nonlinear with B, the basic
results have been presented in this paper. The directional and lateral stability parame-
ters, determined from the two lowest sideslip angles tested, are presented in tabular
form in table II. Longitudinal data are presented for both body- and stability-axis sys-
tems, whereas the directional and lateral data are referred to the body-axis system only.

ACCURACY OF RESULTS

Two balances were used in order to obtain more accurate results throughout the
angle-of-attack range. The accuracy of each balance in terms of the aerodynamic coeffi-
cients at a- stagnation pressure of 1200 psia (8.28 MN/m2) is presented in the following
table:

Accuracy of static balance calibration in terms of —
a, deg
’ CN Ca Cm C C, Cy
0 to 30 0.0048 0.0011 0.0004 0.0002 0.0002 0.0011
30 to 60 .0085 .0032 .0007 .0002 .0004 .0032

The data are also subject to an error caused by a shift in the balance zero reading
with time. This shift in zero was due to the heat load on the balance even though the bal-
ance housing and sting were water cooled. The resultant error is about equal in magni-
tude to the balance accuracy for all cases except C; in the high angle-of-attack range,
where the error is several times the balance accuracy. The accuracy in angles of attack
and sideslip is estimated to be +0.10.

PRESENTATION OF RESULTS

The results of this investigation are presented in figures 4 to 29:
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Longitudinal stability and control:
Effects of tip and center fins on the longitudinal aerodynamic characteristics,
Be =00 . . . L e e e e e e 4
Effects of elevon deflection on the longitudinal aerodynamic characteristics
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Figure
Effect of Reynolds number:
Effects of Reynolds number on the body-axis longitudinal character-
istics for various elevon deflectionangles . . . . . . . ... ... ... ... 25
Effects of Reynolds number on the stability-axis longitudinal character-
istics for various elevon deflectionangles . .. .. ... ... .... ... 26
Sting effects:
Comparison of longitudinal aerodynamic characteristics obtained with
straight sting and bent sting at the lower angles of attack with tip fin, I4 . . . 27
Variation of directional and lateral characteristics with sideslip angle
obtained with bent sting at the lower angles of attack, 8¢ =0° . . ... ... 28
Comparison of directional and lateral stability characteristics obtained
with straight sting and bent sting at the lower angles of attack . . .. . . .. 29

RESULTS AND DISCUSSION

Longitudinal Stability and Control

The effects of addition of tip fins and center fin on the longitudinal aerodynamic
characteristics are presented in figure 4. Addition of the tip fins increased the axial-
force coefficient throughout the test range of angle of attack and produced a negative
increment in the normal-force coefficient at the lower angles of attack (see fig. 4(a)).

The increase in axial force is the result of the blunt leading edge of the fin (which becomes
shielded from the flow as the angle of attack is increased) and the outer surface of the fin.
The orientation of the outer surface of the fin would also produce a positive incremental
normal force, but this is overcome by the stronger negative normal-force contribution of
the leading edge of the fin and a possible high-pressure area on the upper surface due to
the tip-fin flow field. These changes in normal- and axial-force coefficients result in
about a 0.1 loss in maximum lift-drag ratio for 0° elevon deflection and essentially no
change in stability or trim angle of attack (see fig. 4(b)). The effects of adding the center
fin are small and are evident only at angles of attack below about 20°.

The effects of elevon deflections on the characteristics of the vehicle with fins on
are presented in figure 5. Minimum axial force occurs for an elevon deflection angle of
0°. For both positive and negative elevon deflection angles, the axial force increases
because of the inclination of the aft portion of the lower surface of the vehicle to the
model reference plane. At the higher angles of attack the axial force is negative because
of the lower-surface inclination (see fig. 5(a)). As seen in figure 5(b), elevon deflection
has a very small effect on the lift-drag ratio of the vehicle for any angle of attack.




The trim characteristics at a Mach number of 10.5, presented in figure 6, are com-
pared with data for the HL-10 vehicle at M = 6.8 from reference 15. At M = 10.5, the
maximum lift-drag ratio is 1.08 at a lift coefficient of 0.26, and the maximum lift coeffi-
cient is about 0.48 at a lift-drag ratio of 0.80. These maximum trimmed values are
about the same as those obtained at M = 6.8.

The maximum trim angle of attack is 51° with an elevon deflection angle of -45°,
At hypersonic speeds, elevon effectiveness is essentially zero once the elevon is deflected
above the streamwise direction so that it is shielded from the flow. Thus, this same trim
angle of attack might be obtained with an elevon deflection angle of -36° and the fairing of
the O¢ trim curve infigure 6 is arbitrary at the high negative deflection angles.

For most trim angles of attack, higher values of lift and drag were obtained at
M =10.5 thanat M = 6.8. An analysis based on one modified Newtonian theory, in
which the values of normal force are assumed to be proportional to the ratios of the stag-
nation pressure coefficient at the two Mach numbers, indicates that the M = 10.5 data
should be only a fraction of 1 percent higher than the M = 6.8 data. Although the exact
reason for the larger differences in the data is not known, they are probably due to the
uncertainty in Mach number and balance accuracy and the differences in elevon effective-
ness. For example, the untrimmed normal force at 6¢ = 0° is 5 percent higher at
M =10.5 thanat M = 6.8, but can be brought into agreement by a change in either or
both Mach numbers of only 0.10. (For a calibration of the Langley 11-inch hypersonic
tunnel, in which the data at M = 6.8 were obtained, see refs. 34 and 35.)

The incremental pitching moment ACy due to elevon deflection angle is presented
in figure 7 for both M =10.5 and M = 6.8. In general, ACy, islessat M =10.5
than at M = 6.8. The lower value of ACp results in higher trim angles of attack at
positive elevon deflection angles (or higher trimmed lift coefficient) and lower trim angles
for negative deflection angles.

The data in figure 7 are also compared with Newtonian theory for an isolated flat
plate in free-stream flow. Although Newtonian theory was not expected to predict the
forces on the elevons because of the flow separation over the elevons and double~shock
flow fields (see schlieren and oil-flow photographs in refs. 13 and 15), it does serve as a
useful guideline in evaluating the elevon effectiveness. As expected, the theory overpre-
dicts the experimental data throughout most of the range of angle of attack for the positive
deflection angles. At a = 59°, the double-shock flow field in combination with reduced
amounts of separation results in ACy,; being slightly higher than that of theory.

In reference 15, ACp data at negative elevon deflection angles and oil-flow photo-
graphs show that for some combinations of elevon deflection angle and angle of attack,
where the elevon should be shielded from the flow, high pressures exist on the lower-
surface tips of the elevons. This high pressure on the elevons in the shielded region is
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probably the result of a vortex formed by the difference in pressure ac. the body-~
elevon chord plane, and thus the effectiveness of the elevons is reduced. t'rom the data
at M =10.5 in figure 7, it appears that this same flow pattern probably exists at the
higher Mach number also, since AC,, at negative elevon deflections is much less than
theory for cases where the elevon is shielded from the flow.

Directional and Lateral Stability

The basic directional and lateral data are presented as a function of sideslip angle
for the configuration with fins off, with tip fins on, and with tip and center fins on in fig-
ures 8, 9, and 10, respectively. These basic data are presented in detail to show where
nonlinear trends occurred. For an elevon deflection angle of 00, rolling-moment and
yawing-moment coefficients are nonlinear with sideslip angle for low angles of attack
(see figs. 8(a), 9(a), and 10(a)). The data become linear as the angle of attack is increased
above 10°. These same trends are also noted at low angles of attack for the positive ele~
von deflection angles presented in figures 10(b), 10(c), and 10(d). For the case of
8¢ = 450 (fig. 10(d)) the nonlinearity in rolling moment also exists at the highest angle of
attack of the tests.

Since several cases of nonlinear data exist, the stability derivatives presented are
based on the slope between the two lowest sideslip angles of the test (usually 0° and about
20). These slopes are presented in tabular form in table II for all data obtained and some
of the typical results are plotted in figures 11, 12, and 13.

The effects of tip fins and center fin on the directional and lateral stability charac-
teristics are shown in figure 11 for 8¢ = 0°. As would be expected, the center fin
increases both directional and lateral stability but its effects are limited to angles of
attack below about 25°. The tip fins give a positive increment in directional stability and
also provide the vehicle with stability throughout the test range of angle of attack. The
tip fins provide a positive increment in lateral stability at low angles of attack (which is
unexpected when area is added above the vehicle center of gravity) and a negative incre-
ment in lateral stability at angles of attack above about 10°. Within the envisioned opera-
tional trim angle-of-attack range of the vehicle (270 to 519), however, the configuration
has lateral stability.

The effects of elevon deflection angle on the directional and lateral stability char-
acteristics are presented in figure 12. At angles of attack of 20° and 30°, positive elevon
deflection produces a large negative increment in C;, and has only a small effect on
Cn g Evidently the differential normal force is enough to result in the large effects on
rolling moment, while the differential axial force and side force combine to produce only
a small effect on yawing moment because of the swept hinge line.
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Figure 13 presents directional and lateral stability data for the complete vehicle
(6e = 9) and a comparison with data obtained at M = 6.8 from reference 15 and at
M = 20.3 from reference 13. Throughout the trim angle-of-attack range of the vehicle,
the agreement is within the accuracy of the data. At low angles of attack, however, dif-
ferences are noted betweenthe M =6.8 and M= 10.5 results. The M = 6.8 data
of reference 15 were stated to be linear with sideslip angle whereas the M = 10.5 data
are nonlinear with sideslip angle. Good agreement between the slopes of the data for the
two Mach numbers at these low angles of attack is obtained at the higher sideslip angles.

Lateral Control Characteristics

Aileron deflection, which was produced by a differential deflection of the elevons,
has essentially no effect on the longitudinal aerodynamic characteristics as shown in fig-
ure 14. The incremental rolling moments and yawing moments produced are presented
in figure 15. As was the case with elevon effectiveness, little or no lateral control is
available at low angles of attack (below the trim limit of the vehicle). Within the trim
angle-of-attack range, however, lateral control is available and the yaw due to lateral
control is small. The lateral control effectiveness as a function of elevon deflection is
presented in figure 16 and compared with results at M = 6.8 at a = 0° and 250, The
agreement between the data at the two Mach numbers is fair. In general, the control
effectiveness increases with increasing positive elevon deflection angle and angle of
attack, as would be expected. At «a= 55°, however, the control effectiveness at &g = 30°
is about the same as at §g = 09. This is probably due to the large amount of separation
at this high deflection angle (up to 85°), or the flow over the elevon could be subsonic for
this condition.

The effects of sideslip on the lateral characteristics are presented for elevon
deflection angles of -30°, 00, and 300 and aileron deflection angles of 09, 10°, and 20° in
figures 17, 18, and 19, respectively. The incremental rolling and yawing moments do not
seem to be affected by sideslip angle, and thus aileron deflection has little effect on direc-
tional and lateral stability characteristics.

Directional Control Characteristics

Three rudder configurations (see fig. 1(c)) were tested to determine the directional
control characteristics of the vehicle throughout the test range of angle of attack. The
center-fin rudder, designated Rq1, was tested because it is used on the HL-10 vehicle from
subsonic to low supersonic speeds (see refs. 24, 29, and 31). Since it was anticipated
that this rudder would have low effectiveness because it was shielded from the flow at the
higher angles of attack, two tip-fin rudders were also tested. The first of these, desig-
nated R4, has the same planform shape and location as the outer-surface tip-fin flap
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which is used at subsonic speeds to improve the lift-drag ratio by reducing base area
(see ref. 16).

The hinge line of this rudder, R4, is swept back about 30° from the vertical so that
at the higher angles of attack, the hinge line is nearly parallel to the free-stream direc-
tion, and its effectiveness would be expected to be low in this case. The last rudder con-
sidered, R5, has the hinge line swept forward 13° so that it would retain effectiveness at
the higher angles of attack and also reduce the pitching moment due to rudder deflection.
The planform areas of R4 and Ry are essentially the same.

The effects of rudder deflection on the longitudinal characteristics are presented
in figure 20. The center-fin rudder (fig. 20(a)) has little effect, whereas the two tip-fin
rudders (figs. 20(b) and 20(c)) cause noticeable increases in drag, and thus losses in lift-
drag ratio, at the higher rudder deflection angle. This increase in drag is limited to
angles of attack below about 40° for rudder R4, but exists throughout the test range of
angle of attack (26° to 58°) for rudder R5. The incremental rolling and yawing moments
due to rudder deflection are shown in figure 21 and the results are as expected. The
center-fin rudder, R1, loses its control capability at an angle of attack of about 200 while
the two tip-fin rudders show control capability throughout the test range of angle of attack.
The rudder with the forward swept hinge line, Rg, has a higher yawing moment than rud-
der R4, as would be expected, but also shows a large adverse rolling moment at a rudder
deflection angle of 40° because the rudder center of pressure is located well above the
vehicle center of gravity.

The effects of sideslip angle on the directional control data are shown in figures 22,
23, and 24 for rudders Ri, R4, and R5. These detailed data show that for positive rudder
deflection angles the control effectiveness increases with negative sideslip angles, because
of the increase in flow deflection angle. This will also lead to increased directional and
lateral stability due to rudder deflection.

It can be concluded that to provide aerodynamic directional control for the HL-10
vehicle at M = 10.5 at the envisioned operational angles of attack, the existing center-
fin rudder is not adequate and tip-fin rudders could be used. Since tip-fin rudders
require extra actuators and control systems on the vehicle, it is necessary to determine
the merits of aerodynamic control as compared with reaction control for the directional-
control system. Factors such as weight, complexity, and reliability must be considered
in determining the best control system. The directional-control data presented herein
can be used as inputs to this type of comparison.

Effects of Reynolds Number

The effects of increasing the Reynolds number from 1.1 x 106 to 2.3 x 106 are shown
in figures 25 and 26 for various elevon deflection angles. The effects of Reynolds number
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on Cy and Cp, for any elevon angle are small. The axial-force coefficient shows
the expected decrease with increasing Reynolds number. The magnitude of the decrease
in axial force becomes larger as the elevon deflection angle increases. This is a result
of the large area of separation which exists ahead of the elevons when they are deflected
into the flow. At 0¢ = 00, the lower surface of the vehicle is continuous and no separa-
tion area exists. For this case, the change in axial force with Reynolds number is prob-
ably due only to the change in skin friction. At &g =45° very little change in axial
force is noted at the higher angles of attack (fig. 25(d)). The area of separated flow is
probably so large that it is unaffected by the changes in Reynolds number. These differ-
ences in axial force are reflected in the lift-drag ratio presented in figure 26. Varying
the Reynolds number by a factor of 2 resulted in a maximum change in lift-drag ratio of
about 0.1, or about 10 percent.

Sting Effects

As mentioned previously and shown in figure 2, two types of stings were used to
obtain the data: a straight sting entering the model base for tests at low angles of attack
(a= 00 to 30°) and a bent sting entering the model upper surface for tests at high angles
of attack (@ = 30° to 60°). To provide an indication of the effects of the bent sting, the
model was tested with this sting in the low angle-of-attack range, and the data are com-
pared with data obtained with the straight sting. Figures 27(a) and 27(b) show that the
bent sting produced a small negative incremental normal force and a slight positive
incremental pitching moment. This is probably the result of a high~pressure region on
the upper surface of the model caused by a shock on the sting. At higher angles of attack
with the sting shielded, these differences would be negligible because of the low dynamic
pressure and/or separated flow in this region. The bent sting also produces a positive
increment in axial force, which leads to a reduction in lift-drag ratio. The cause of this
incremental axial force is unknown.

The effects of sideslip angle on the directional and lateral data are presented in
figure 28 for the bent-sting configuration. The same nonlinear trends of rolling and
yawing moment as observed on the straight sting at the lower angles of attack are evident
(compare figs. 9(a) and 28). There is essentially no difference in the directional and
lateral stability derivatives when the two sting supports are used, as is shown in
figure 29.

CONCLUDING REMARKS
The longitudinal, directional, and lateral stability and control characteristics of a

model of a manned lifting entry vehicle with negative camber, a flat bottom, blunt leading
edges, and a delta planform (designated HL-10) have been determined at a Mach number
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of about 10.5. The configuration was stable about all axes throughout the trim angle-of-
attack range of 270 to 51°9. The maximum trimmed lift coefficient was about 0.48 and the
maximum trimmed lift-drag ratio was about 1.08. These trimmed values are in close
agreement with data previously obtained at a Mach number of 6.8, but the trim angle-of-
attack range is much less because of a loss in longitudinal control effectiveness with
increasing Mach number. In general, lateral control effectiveness increased with
increasing positive elevon deflection and angle of attack and the data show fair agreement
with data at a Mach number of 6.8. Although the center-fin rudder is ineffective in the
trim angle-of-attack range, directional control can be provided by use of tip-fin rudders
if desired.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., June 22, 1967,
. 124-07-02-56-23.
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APPENDIX

CALIBRATION OF THE LANGLEY CONTINUOUS-FLOW HYPERSONIC TUNNEL

The Langley continuous-flow hypersonic tunnel was first placed in operation as a
blowdown facility in 1963. By mid-1964 the compressors and drive system were com-

pleted and the facility was capable of continuous-flow operation. During this time period,

the Mach 10 nozzle was equipped with a water-cooled stainless-steel throat section.
Because of the high air temperatures and cooling-water pressure, this nozzle was sub-

ject to frequent, costly, and time-consuming repairs. In early 1965, the stainless-steel
| throat section was replaced by a beryllium-copper throat section which is still in opera-

tion. The copper throat is slightly smaller than the original stainless-steel throat and

thus the test section Mach number is higher. A brief description and schematic diagram

of this facility with the steel throat is contained in reference 36.

The Mach number distributions obtained in the test section with the beryllium-

copper throat section are presented in figures 30 to 33 for several stagnation pressures.

These Mach numbers are based on total-pressure measurements obtained on a 10-tube
rotating and translating total-pressure rake which was air cooled to protect it from the

high stagnation temperature of the tunnel. All Mach numbers in these figures have been

corrected for real-gas effects by the method presented in reference 37. Based on the

accuracy of the instrumentation used, it is estimated that the maximum error in any indi-
vidual data point is about +0.02 in Mach number or about 1 percent in dynamic pressure.
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TABLE L.- ORDINATES FOR HL-10
(a) Body ordinates
y/t z/t z/1 v/t 2/t 2/l v/t z/l z/l v/t I z/1 2/l
x/l = 0.046875 x/1 = 0.17187 — Continued x/1 = 0.29687 — Continued x/1 = 0.38021 — Continued
-0.05717 | 0.05675 | 0.06875 0.02383 | 0.03333 | ~mmmmemm 0.07758 | 0.13125 0.00083
.00833 | -.05700 | .05583 | .07083 01942 | .03750 | -0.12700 | -ree-o- 113333 -.00583
01667 | -.05600 | .05267 | .07292 01442 | 04167 | -memmmm- 07525 | .13542 -.01333
02500 | -.05367 | .04667 | .07500 00858 | .50000 | -.12708 | .07200 | .13750 -.02133
02017 | -.05158 | .04258 | 07708 00192 | 05833 | --ommmmn 06792 | .13958 -.03017
03333 | -.04867 | .03750 | .07917 -.00567 | .06250 |  ~.12708 | —mmmmmm 14167 -.04017
03750 | -.04475 | .03150 | .08125 201475 | 06667 | mmemwmen 06250 | .14375 -.05283
04167 | -.03933 | .02408 | .08333 Zlo2425 | 07500 | -.12692 | 05575 | 14458 -.05883
04583 | -.03142 | 01217 | .08500 | -.06483 | -—-ecee 08333 | --oemmm- 04775 | .14567 - 08683
04792 | -.02450 | 00333 | .08542 Z03742 | 08750 | -.12517 | .04292 | . 14583 -.07158
04875 | -.01750 | -.o0242 | 08600 05892 | 09167 | -m----m- 03733 x/1 = 0.42187
04802 | ——moeem -.00708 %71 = 0.51354 09583 | -ommoon 03100 Y BT
Got7 | _-Oua8 | 01453 0.11333 | 0.07933 | ‘1osey | 2033 | 02367 | “oizs0 | -.13342 | 08125
%/L = 0.088541 83 | 9298 | -oo----- 01942 | 02500 | -.13350 | 08042
TR =] 01250 | -.11333 | -l-——-- . : 03750 | -.13350 | 07917
A 07742 | 10626 | we-eeem- .00958 | .05000 | -.13350 | 07717
02083 | -.07650 | .06242 07508 | 10833 | 11892 | 00367 | 06250 | -.13350 | .o7458
02500 | -mommmmm 105958 01358 | 11982 | “Tjoer7 | 00283 | lomsoo | -.13350 | 07092
02917 | -.07500 | .05608 omis | jigey | o iooMT Tovad | ‘o850 | -.13342 | 06600
el B Ko 06967 10000 |  -.13342 | -cmemee
T | omre| A0hd00 06725 | .11667 | -.10258 | -.02683 | .11250 | -.13317 | .04950
: 06433 | .11875 | -.09783 | -.03758
04167 | -.06967 | .04092 . 1o | 00783 | 03788 | atesy | eeeee-ee .04550
04583 | -.06650 | .03400 pegys | 1390 | Lioub | 04283 12083 | —-mc-mm- 04002
04792 | ~oieoemn 03000 oetiy | ialed | 09188 “oeii7 | 12500 | “-13002 | 03567
05000 | -.06242 | .02567 -05933 : 2017 | sesmmeem 02967
il et 05750 | .12125 |  ~.08692 | ---m-em RELEL ) —— 02267
05417 | -.05658 | .01458 05550 | 12150 | -.O7867 | -.07867 | 1350 | -.12542 | .01417
105625 | ~ocmme-- 00750 .05317 x/L = 0.33854 14167 | —mmmmme 00367
05833 | -.04808 | .00075 05083 5713100 T 008300 14375 | ----mom- -.00258
06042 | -.04017 | -.01117 04850 1 " 00833 osloz | 13583 -.11850 1 -.00980
04592 14792 | wmommeen -.01717
06125 | ~.08267 | -m-eon- 04592 | 01250 | -.18100 | -oo-n
06142 | -.02633 | -.02633 ~01667 08108 | .15000 | -.11342 | -.02567
77 = 015021 .04033 | 02500 08017 | 15208 | -.11008 | -.03508
g 03717 | gaann ote00 | 15417 | -10875 | -lod617
-0.09192 | 0.07408 ‘03302 | 93333 15542 | -.10225 | -.05392
T -07325 03042 | 08750 | -I3108 | -ooeoon 15625 | -.09883 | -.05967
01250 | -.09200 | -c--ee- 02683 | 04167 07733
ity | iR e . 105000 07492 | .15708 | -.08300 | -.08700
03ses | “ootes | DToed .02283 | 05833 07200 | 15750 | ~mmmmmme -.08033
: ~01883 (15767 | -.08575 | -.08575
2T | oo 06400 o152 | 00880 e /L= 046354
03333 | -.09117 | .06075 ‘o858 | -OSS8T 28831 =0.
203750 | mmeens 105692 ‘00225 | -91599 08350 1'% -0.13158 | 0.08008
‘02167 | -.08950 | .05242 oodns | oai 05787 | 01250 | -.13158 | .07983
04583 | —momooen 04725 g0z |« . .02500 | -.13158 | .07933
rivee S ofdid 01508 1 o167 .05033 | 103750 | -.13150 | 07850
. - 09583 ‘04575 | .05000 | -.13158 | .07700
105000 | -.08617 | .04142 --03383 | -Jpoed s
105208 | ~mmmeeee 03808 | 09708 | .07450 | —cmeeen =10 04083 | L0620 | -.13150 | .0oT02
-05417 103450 -Loa0s 03800 | 07500 | -.13158 | .07200
T | e = e el B
- .10625 03183 - -06342
05833 | -.08058 | 02633 --08600 | 30833 102842 11250 | -.13167 | .05650
06043 || ~ocsses 02150 71 = 0.25521 11042 02467
.06250 | ~.07667 01600 X/ 7 9 11250 02050 12500 |  -.13133 04700
06458 | wmrmoen 100958 ~0.12108 | 0.08067 | ‘11aes 02089 | 13338 03842
06667 | -.07117 | .00250 | .00833 | -momeee 08033 | - 13750 -03342
DBBTS | cocmmome _oogos | -01250 | -.12108 | ~%e-e-- .11667 01075 | 14167 202750
S | e | 00808 | 01887 | ceme—caee 07933 | 11875 ‘00402 | .14583 102050
07202 | -.05202 | -.02600 | 02500 | -.12108 | .07767 | .12083 o-o01eT | 15000 .01217
07358 | -.04042 | -.04042 | .03333 | =m-memee o525 | 12292 e 5417 -00158
07500 | ~mceeeee 03025 | 03750 | <.12108 | ~cmeeew . a 115625 -.00467
7 = 017167 04167 | —mcammme 07175 | .12708 -.02400 | .15750 -.00858
=0. 05000 | -.12108 | .06742 | .12917 -.03342 | 15833 -.01133
) -0.10375 | 0.07717 | .05833 | —tewemm 6158 | .13125 S04508 | ysotn 01450
00833 | —mmremom 107650 ‘13208 -.05058 .
06250 | -.12092 | —commme 16000 01767
01250 | 10875 | wagmees 06667 05400 | 18250 | -.09633 [ ~-meenn 16083 -.02100
OLO6T & oimoens 07467 | 07500 | -.11942 | -.04500 | .13338 | -.08017 | -.06033 | .16167 -.02433
02500 | -.10383 | .07158 | ‘gg3zg | Tl T 03367 | .13367 | -.08067 | -.08067 | .16250 -.02783
02917 | -memmemm 06967 | 08750 | -.11458 | .02675 | .13417 | --cememme 07367 | 1emas | - —
03333 | —mommem 106725 O -
Do | Tioaes | MR oaren | e 01858 x/L = 0.38021 6417 | e -.03592
. 09583 | -.10867 | .00867 16458 | -.10708 | —cmmmen
04167 | wmemmmmm 106092 0 20.13317 | 0.08192
it — J69%2 | ‘10000 | -10408 | 00382 | O e 13317 | ©-08192 | 16500 | ~w------ -.04000
. 10208 | —oememme -ol14z | 01250 | 13347 | 08150 | ‘yggey | ZZTZTTC -.04483
bl Loifs | lutls 09775 | -.02008 | -garso | 13308 | .07892 | .16667 | -.10242 | -.04975
fa0ud 05267 | 10625 | --ocome- -.03033 | 05000 | -.13308 | .07658 | .16750 | -.09975 | -.05533
goags Jaoes | ‘10833 | -.08683 | -104275 | ‘oeoco | aace | o | (16833 | l09617 | -.06175
10917 | -.08133 | -.05275 | - - 16917 | -.09050 | -.06875
05625 04492 07500 | -.13317 | .06817
10950 | -.o7108 | -.o7i0s | 37300 | --1331% | 06BIT | yegsg | - -.07983
das o %/L = 0.29687 ‘10000 | -.13292 | .os200 16975 ] -.08100 | -.08100
106250 03550 -0.12708 | 0.08150 | ~-10838 j --ce-eeo 04350 x/1 = 0.50521
106458 03192 | .00833 | ~om--mm 08117 | 11250 | -.13002 | —emeee- 0 20.12775 | 0.07817
106667 02808 | .01250 | -.12708 | -e-om- 11667 | —oiommme 03242 | .01250 | -.12775 | .07808
01667 | —iamene 08050 | .12083 | ~---oo- 02567 | .02500 | -.12775 | .07775
02500 | -.12708 | .07925 | .12500 | -.12550 | .01725 | .03750 | -.12783 | .0771%
Jeerr | -l 00875 | .05000 | -.12783 | .07617
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TABLE 1- ORDINATES FOR HL-10 — Continued
(2) Body ordinates — Continued
vt | e | e/t yi | z/t 2/l i |z | i Y
x/1 = 0.50521 — Continued x/1 = 0.63021 %/l = 0.71354 x/t = -0.79687 — Continued
0.06350 | -0.12783 | 0.07450 20.10617 | 6.07142 Z0.08775 | 0.06517 | 0.23333 | 0.03866 | -0.06325
07500 07233 | .01250 | -.10617 | .07142 | .01250 06517 | .23750 | .03587 | -.06150
108750 06950 | .02500 | -.10625 | .07133 | .02500 06508 | .24166 | .03288 | -~.05933
110000 06575 | .03750 | -.10625 | .07117 | .03750 06500 | 24583 | .02066 | -.05663
11250 06075 | .05000 | -.10625 | .07092 | .04167 | =.0B775 | ==rwe-m- 125000 | .02593 | -.05328
12500 05392 | .06250 | w-=--=an 07042 | .05000 .06500 | .25250 | .02329
13750 04450 | .07500 | ~.10617 | .06967 | .06250 06482 | (35500 | .02025
14583 103633 | .08750 | -.10625 | .06867 | .07500 06458 | 25750 | .01660
15000 | -.12467 | -mmena- ‘10000 | -110617 | .06725 | .08333 | -.0B775 | ~mwmwe-- 26042 | lo1119
15417 .02583 | 11250 | -.10617 | .06517 | .08750 06433 | (26250 | 00607
.15833 01917 | .12500 | -.10617 | .06242 | .10000 06367 | .26416 | .00014
16250 01108 | 13750 | -.10617 | .05875 | .11250 .06292 | 26500 | -.00531
‘16458 ‘00625 | .15000 | -.10608 | .05383 | .12500 106183 | 26542 | -.00789
‘16667 .00100 | (16250 | -.10617 | .04767 | .13750 06025 | .26575 | -.01390
16875 100550 | .17500 | -.10550 | .03975 | .15000 05825 T PYRITID
17083 -.01233 | .18333 | ce--oc-- .03300 | .16250 05558
17292 02025 | 18750 | -.10233 | =mo--- 16867 | -.08775 | ~eomo—m- denos | HER0T | SGoEEes
117500 02908 | (19167 | wocemwe- .02425 | 17500 .05225 | -09000 el
‘17708 03942 | (20000 | -.09500 | .01217 | .17917 | -.08767 | --Tea--n gagnd ~oni0s
‘17817 05158 | 20417 | -ecccmen 100375 | 118750 04742 :
19208 | -.08750 04567 | -08750 --05804
18042 -.06017 | .20833 | -.08675 | -.00700 - 16056 Jypisni
118125 o642 | 21042 | o-looe- -.01400 /1 = 0.75521 210000 *0ds08
18150 -.08475 | .21250 | -.08050 | -.02225 e TE T D Dagbe
21458 | -.07558 | -,03200 : -0 . .
x/L = 0.54687 i | oannd --03200 | “.o1250 06135 | -.07750 | .13750 --05804
5 T et . 02500 06133 | -l07750 | 15000 -.05804
- - .21667 | -.06700 | -.04533 | .03750 | .06133 | -.07750
.01250 | -.12192 | .07608 16250 -.05804
21708 | wotooo-n 05483 | .05000 | .06133 | -.07750
02500 | -.12192 | .omsez | -31I08 | ----eooo | 06483 17500 -.05804
203750 | -.12192 | 07550 | : 06250 | .06127 | -.07750 | 18750 ~.05804
05000 | -.12182 | 07475 /1 = 0.67187 gs00 | lgsllg | -.07T50 | (20000 105804
0! - -
06250 | -.12200 | .07367 ~0.09725 | 0.06850 . .
07500 | -.12200 | 07208 | .01250 | -.00725 | .oesso | -19000 pogeL | —gni) | e -.05804
08750 | -.12192 | .06983 | .02500 | -.09733 | .06842 : 22458 - 05801
10000 | -12200 | 06700 | 03750 | -.09733 | .06842 | .12500 05971 | -.07750 | 22500 ~.05800
11250 | /1200 | 06317 | 05000 | -0933 | 06825 | 13760 gsTde | 0TS0 | 23542 -05800
12500 | -.12200 | .05825 | .06350 | -.09725 | .06800 - -
13750 | -.12200 | 05150 | .07500 | -.00725 | 06750 | -3S250 o5ess | mpriod 1 .zzess -.05793
15000 | -.12158 258 | 08750 | -.09733 | .06683 - 22708 - 05792
15833 03483 | .10000 | -.09733 | .06592 | .1B750 05167 | -.07750 | 22792 -.05783
16250 | ~.11867 | —o-momm 11250 | -09783 | (06458 | 10383 gégar | -.0T150 | 23333 -105718
. 16 ~.05500
16667 02467 | .12500 | -.00733 | .06275
17083 01842 | 13750 | -.09733 | l0go33 | -20208 04700 | -.0750 | 25000 -.05121
17500 01075 | .15000 | -.09733 | .05708 | 20416 | ~---eoe- & 25416 -'04858
17917 00108 | 16250 | -.09733 | .05283 | .20500 [ -mm-men- | -.07746 | 25833 -'04533
18125 ~0046T | LITS00 | 08733 | [O4TIT | 30683 | —--oooo- | QT2 | 26083 -104308
: -7 126333 -.04043
18333 -.01133 | .18750 | -.09667 | .03983
18542 -.01883 | 20000 | -.09300 | 03008 | 23358 S | xDued | sasmy -.03742
18750 02767 | 20833 | --cooo—- 02067 ® 26750 -.03517
18958 03792 | 21250 | -.08550 | .01442 | .22708 03255 | -.07179 | 26916 ~.03250
15083 04483 | 121667 | ~-c-on-- .00667 | .23333 02730 | -.0680B | .27083 -102933
19167 -10008 | 22083 | -.07700 | -.00392 | 23750 02287 | 06483 | 27250 100767 | -.02517
24166 -106
19208 | ==-nmmne -.05283 | .22202 | -.07383 | -.01050 27375 | .00300 | -.02033
19250 | —-m-mun- -.05592 | 22500 | -.07008 | -.01842 | -2¢588 gloa2 | --05792 | 2maie | looo7i | -.01783
19292 | -.08175 | -.05950 | .22708 | -.06450 | -.02850 27466 | -.00450 | -.01179
19333 | --teeee- 06433 | 122838 | m-fooo-- -.03608 | .25000 | -.00027 | -.04883 PP
19350 | <=mmeev =dm17 | 22900 | -.06350 | -.06350 | .25125 | -.00552 | -.04575 =0,
19367 | -.07600 | -.07600 | 122917 | -=c=ec-- -04408 | (25208 | -otoo2 | -losszs [0
- - L0416
x/1 = 0.58854 x/] = 0.68750 25375 | -.02575 | -.03233 | .06250
~0.11450 | 0.07400 | 0 -0.09383 | 0.06733 | .25378 | -.02700 | -.02983 | .08333
01250 | -.11450 | .07392 | .01250 | -.09383 | .06733 oy S yTYY T 110417
02500 | -.11450 | .07383 | .02500 | -.09383 | .06725 = 5545
03750 | -.11450 | .07358 | .03750 | ~.09383 | .06717 0.05733 | -0.06637 | 72200
05000 | -.11450 | .07308 | .05000 | -.09392 | .06708 | .01250 05733 | -.06637 | -12383
06250 | -.11458 | .07233 | .06250 | -.09392 | .oessz | -D2500 goTSy | —odssl | l1ewsa
07500 | -.11458 | 07133 | .07500 | -.08392 | .oess0 | -O3750 givee | —-8%l | zoaas
08750 | -‘11450 | ‘06975 | .08750 | -.09383 | 06600 - s
10000 | -.11450 | 06758 | .10000 | -.09392 | 06517 | .06260 | .05731 | -.06637 | -31666
11250 | -.11450 | (06467 | .11260 | -.09392 | .06392 | .07500 | .05729 | -.06637 | °
08750 05728 | -.08637 | 23625
12500 | -.11458 | .06092 | .12500 | -.09392 | 06233 | 08750 Opise | mDoedl | 2aaee
13750 | -.11458 | 05592 | 13750 | -.09392 | .06060 ' 23708 | =moremn -.04687
111250 05717 | -.06637
115000 | -.11450 | .04942 | 15000 | -.09392 | .05767 a0 | G800 M6
ST —— 04408 | .16250 | -.09392 | .05408 | 12500 05607 | -.06637 | 23150 | 04100 | -.04688
116250 | -.11400 | -Z----- ‘17500 | -.09392 | 104933 | 13750 05671 | -.08637 | -Z4583 | .D4458 ) -.04092
BT e — 03750 | .18750 | ~.09367 | 0400 | 13000 09836 | -.0663T 1 ‘35833 | loso2g | -lod1o2
17500 | -.11002 | 02925 | 20000 | -.08100 | .03467 , . - 26250 | .03695 | -.03973
17500 | .05515 | -.06637
118333 | w-lio——- 101850 | 20833 | ~emmmomv 02733 deees | oveoy | it
18750 | -.10392 | .01117 | 21250 | -.08517 | 02242 | .18750 | .05396 | -.0ge3 | 36886 | -03427 | -.03702
ST ) p—— 100233 | 21667 | ~ec-n-m- 01683 | 20000 | 05170 | -.0e637 | 27083 | 0318 ) -.03374
19563 | -.00592 | -.00925 | .22083 9637 | 21150 | 02467 | -.02667
19792 | —-toooo- -.01633 | 22202 9637 | ‘2000 | o214z | -102317
20000 | -.08967 | -.02483 | .22500 - 98508 | otsds | 01858
120208 | -.08583 | -.03517 | .22708 ~padss | 30400 | .OiBME  =.OLDRE
120417 | -.07800 | -.04725 | .22817 -.oeeyd | 23410 ) 01363 01261
~106629 . .
P70 p— -.05358 | .23125 o628 | 28583 | looBsB | -.00844
20533 | ------v- 05783 | 23208 06698 | ‘28625 | loosTe | -.00521
20567 | -.07125 | -.07133 | .23333 . .28656 | .00121 | -.00108
23375
23400




TABLE I.- ORDINATES FOR HL-10 — Continued

(a) Body ordinates — Concluded

x/l = 0.91145 X/l = 0.95312 x/l = 0.98750
v/l z/l z/1 y/l z/1 z/1 y/1 z/1 z/l
0.04476 -0.03592 0 0.03989 ~0.02471 0 0.03572 -0.01533
.04167 .04476 -.03592 .04167 .03988 -.02471 .04167 .03572 -.01533
.06250 .04475 -.03592 .06250 .03987 -.02471 .06250 .03572 -.01533
.08333 .04474 -.03592 .08333 .03987 -.02471 .08333 .03572 -.01533
.10417 .04473 ~.03592 .10417 .03987 -.02471 .10417 .03572 -.01533
.12500 .044173 ~-.03592 .12500 .03987 -,02471 .12500 .03572 -.01533
.14583 .04472 -.03592 .14583 .03987 -.02471 .14583 .03572 -.01533
.1666"7 .04472 -.03592 .16667 .03987 -.02471 .1666%7 .03572 ~-.01533
.18750 .04472 -.03592 .18750 .03987 -.02471 .18750 .03572 -.01533
.20833 .04471 -.03592 .20833 .03986 -.02471 .20833 .03572 -.01533
.22916 .044171 ~.03592 .22916 .03985 -.02471 .22916 .03572 -.01533
.24583 .04465 -.03592 .25000 .03985 -.02471 .25000 .03572 -.01533
.24833 .04465 -.03592 26042 | —mm--ee -.02471 .27083 .03572 -.01533
24875 | ~=mmim- ~.03583 26250 | —==--—= -.02463 .27458 | —==memm- -.01529
24916 | ~=vmem- -.03583 .26458 | w--emea -.02450 27708 | —=mmme- -.01516
25000 | ~==e--- -.03579 26666 | —===—aa -.02431 27916 | ~mmem-- -.01491
.25416 .04410 -.03546 .27083 .03983 -.02367 .28333 | ~mweeea -.01413
.26250 .04246 -.03383 .27916 .03945 -.02117 28750 | ==eeme= -.01292
.27083 .03969 -.03064 .28750 .03760 -.01700 .29166 .03571 -.01127
.27708 .03679 -.02708 .29166 .03609 -.01414 .29792 .03570 -.00800
.28333 .03296 -.02221 .29583 .03404 -.01063 .30000 .03558 -.00667
.28750 .02967 -.01800 .30000 .03135 -.00627 .30416 .03492 -.00352
.29000 .02718 -.01496 .30250 .02922 -.00308 .30833 .03342 .00040
.29250 .02345 -.01125 .30500 .02643 .00069 .31083 .03217 .00317
.29416 .02167 -.00833 .30666 .02444 .00371 .31292 .03060 .00579
.29542 .01942 -.00560
.30792 .02163 .00640 .31416 .02948 .007758
.29625 .01758 -.00346 .30833 .02067 .00742 .31542 .02800 .00958
.29708 .01528 -.00079 .30875 .01958 .00858 .31625 .02678 .01104
.29750 .01381 .00086 .30916 .01829 .00983 .31708 .02522 .01273
.29792 .01200 .00293 .30958 .01645 .01133 31750 .02438 .01343
.29800 .01154 .00350 .
.29833 .00817 .00621 .30966 01593 | ~mmm—m—- .31792 .02342 .01427
.30975 01548 | ~m=mmem- .31833 .02208 .01525
.30983 .01452 .01333 .31850 .02118 .01573
.31875 .01939 .01675
.31879 .01857 .01700

e

-

reed



TABLE L.~ ORDINATES FOR HL-10 — Concluded

{b) Tip-fin ordinates

vt | 2t | 2t [y [ 2t | 2t [ v/t | 2t | st | 3y | 2ft | 2/t vt | 2t | =z

x/1 = 0.68750 %/l = 0.79687 — Continued x/1 = 0.91146 %/l = 0.95312 — Continued | x/I = 1.0037T5 — Continued

PPN

(8]

-0.09398 | Out 0.2583 |-0.04604 10.03619 Out 0.3250 | 0.16133 {------- 0.3304 | 0.17979 | ~~——~~
17750 { -.09380 |0.04912 | .2502 | -.04433 | ~-——--- 0.04498 [ .3271 . .
1792 -.09377 | .04721| .2604 | -.03957 | .03475
.1833 | ~.09365 | .04504 | .2617 | ~.03367 |~~~=n=-
.1875 | -.00333 | .04268 | .2629 ! -.02767 ; .03282

L1817 -.09277 | .04010| .2642 | -.02176 |---—---

1958 | -.09200 | .03725 | 2634 | -.01573 | 03058 Zgg%g x/1 = 098750
: 00082 | - : ~.00972 [ ~mmmmmm :
2042 | -108948 | .03050| 2679 | -.00386 | .02764 ~05902 | 0 -0.01527 10.03567

2083 | 08762 | 102640 | ‘ggon | o213 | 02542 06548
.2125 | -.08533 | .02158 | .2704 | 00807 | .02185 07267
‘2167 | -osaad | oisas | amia | l01se2 | 01352 08024
: 07902 | .00897 =

12250 | -.07462 |-.00017 */t = 0.82812 09655
12271 | ~.07193 |-.00625 |0 T0.05790 | Out | .2812 | ~.02671 | -Comeme
.2292 | -.06875 |-.01387| -2208 | -.05775 1 0.04733 10527

2250 | -.05768 | .04704
12312 | -.06453 |-.02345| * -
12333 | -.05746 |-.03650 | -2292 | -.05742 | .04700

5341 | T0ag08 |- oigos | -2333 | -.05684 | 04742

X/ < 0.71354 2375 | -.05587 | .04835

-0,08782 | Out

.1875 | -.08762 10.04698
.18171 -.08748 | .04500
.1958 | -.08712 | .04289
.2000 { ~.08654 | .04067

.2042 | -.08575 | .03833
.2083 | -.08460 | .03567
.2125| -.08317 | .03254
.2167 | -.08133 | .02898
.2208 | -.07907 | .02475

L2250 | -.07622 1 .01970

2354 | -.06512 | .00082

B LT P—— -.00560| (2733 | 06446 |-oooooo | 3148 [ 14218 fo-ooee-n
19396 | wmmmmemm -.01450 | .2750 | .00121 |~--mmoo| 3398 | 33393 =m==""-
12420 | -.03552 | -.03550 : B

x/1 = 0.75521 -06217 | —--—--- | 3983 | 13971 [-momen-

2792 | .02096
~0.07729 | Out .
.2000{ -.07708 |0.04808| ‘2792 | .06021

x/1 = 0.95312 2
x/1 = 1.03400

2812 | 05737 ) ~0.02458 10.04000
-2042 | -.07702 | .04658| ‘5g43 | 04081 : 104095 ] Out
2083 | -DTCTL| 012381 ‘2gas | logzse J04137 .3103 | 0.12362
s | o | S R S ok
.2167| -.01530 | .04133 - : : :
12208 | -.07417 | 03918 %/t = 0.86979 '3250| 16317

.2250 | -.07275 ; .03685) 0
.2292 |- -.07095 | .03430
.2333 | -.06878 | .03119
L2375 | -.06617 | .02750

.2396 | ~.06462 |-n=n-ne 16208 | RIS
2417/ -.06285 | .02304| - ==
2437 -.06077 | ===nnen

2512 | ~.04477 | .00650

.2553 | -.01717 |-.01717] . 102652 | —mcmmmm

x/1=0.719687 | ‘§g35 | - .

x/1 = 1.0510

-0.06625| Out | . ; . -00073 {=ommmnn 0.3378 0.18967 —c--ov

.2083 | -.06608 |0.04873
2125 -.06604 | .04785
.2167( -.06598 | .04698
.2208 | ~.06570 | .04602

.2250 | -.06505 | .04500
.2292  -.06403 | .04398
.2333 | -.06277 | .04308
.2375| ~.06120 | .04233
.2417| -.05931 | .04165




TABLE .- STABILITY DERIVATIVES
Tip fin Center fin be, deg Sting a, deg C; 5 C“B CYB

Off Off 0 Straight -0.1 0.00102 0 ' -0.01193
5.0 .00061 ~.00046 -.01051

10.1 00046 ~.00067 -.00974

15.2 00026 -.00073 ~-.00854

20.2 -.00005 ~.00075 -.00813

25.3 -.00044 ~.00072 -.00796

30.4 -.00080 -.00069 -.00741

Off Off 0 Bent 25.7 ~0.00050 ~0.00070 -0.00970
29.2 -.00075 -.00065 ~.00965

34.2 -.00108 -.00054 -.00911

39.2 -.00148 -.00066 ~.00872

42,2 -.00175 -.00066 ~-.00863

49.2 -.00203 -.00066 ~.00791

54,1 ~-.00212 -.00069 ~.00725

59,1 ~.00225 -.00073 -.00701

I3 Off 0 Bent -1.0 0.00075 0.00098 -0.01109
4.0 .00118 .00091 -.01091

9.0 .00069 .001%0 -.01143

14.0 ~.00005 .00184 -.01116

19.0 -.00039 .00143 -.01138

24.0 -.00080 00120 ~.01140

29.1 -.00115 .00120 -.01200

32.6 -.00144 .00119 -.01035

I d Off 0 Straight ~0.1 0.00112 0.00102 -0,01284
4.9 .00116 .00111 ~-.01172

10.0 .00041. .00188 -.01188

15.0 -.00005 .00161 ~.01109

20.1 -.00045 .00126 -.01020

25.2 -.00082 .00121 -,01000

30.3 -.00126 .00114 -.00960

Iy Off 0 Bent 25.7 -0.00090 0.00118 -0.01152
29.2 -.00120 .00131 -.01094

29.3 -.00109 .00129 -.01104

34.3 -.00153 .00121 -.01132

39.2 -.00188 .00115 -.01091

39.3 -.00172 .00131 -.01081

44.2 -,00221 .00108 ~.01020

49,2 -.00232 .00098 -.00964

49.3 -.00228 .00101 -.00984

54.2 -.00242 .00093 -.00912

57.7 -.00237 .00085 -.00831

59.1 -.00258 .00090 ~.00865

Iy Ez 0 Straight -0.1 0.00066 0.00192 -0.01424
5.0 .00076 .00162 -.01232

10.0 .00020 .00218 -.01218

15.1 -.00026 .00181 -.01119

20.2 -.00059 .00149 -.01064

25.2 -.00082 .00121 ~.00962

30.3 -.00126 .00120 -.00937

I Off -45 Bent 25.8 -0.00085 0.00134 -0.01144
54.3 -.00225 .00115 -.00937

59.3 -.00236 .00115 -.00885

I Off -30 Bent 25.7 -0.00090 0.00129 -0.01174
29.4 -.00104 .00134 -.01109

39.4 -.00166 .00135 -.01109

49.4 -.00197 .00112 -.00963

51.5 -.00226 .00124 -.00968

57.8 -.00222 .00114 -.00875

59.4 ~.00241 .00126 ~-.00920

Iy Off -15 Bent 25.7 -0.00084 0.00126 ~0.01199
48.2 ~-.00210 .00113 -.00990

59.1 -.00243 .00101 -.00864

I Eg 15 Straight -0.1 0.00076 0.00197 -0.01460
10.0 .00015 .00224 -.01260

20.2 ~.00069 .00149 -.01090

30.3 -.00164 .00131 ~-.00977

I Off 15 Bent 25.7 -0.00107 0.00136 -0.01146
31.2 -.00196 .00139 -.01108

59.0 -.00279 .00115 -.00885

I Eo 30 Straight -0.1 0.00070 0.00197 -0.01414
10.0 .00010 .00213 -.01193

20.1 -.00096 .00154 -.01043

30.2 -.00206 .00137 -.00920

I Off 30 Bent 25.7 -0.00146 0.00136 -0.01141
29.2 -.00189 .00139 -.01125

59.0 ~.00356 .00172 -.00983

I4 Ey 45 Straight 0 0.00078 0.00202 -0.01446
10.1 -.00010 .00229 -.01235

20.2 -.00138 00187 -.01019

30.3 ~-.00347 .00153 ~.00682
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e ST

Tip-fin chord plane

{a) Two-view drawing of model with tip fin 14 and center fin E2.

Figure 1.- Details of model.
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Rudder R "

0.0680 L

0.196

Rudder R1

it
0.02141

0.1821

0.03331

{¢) Rudder details.

Figure 1.- Concluded.
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Rudder R



0.13551

0.0750

Straight sting with balance

0.1355¢

Bent sting with balance

(a) Side view of stings.

Figure 2.- Sting geometry used with model.
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L-65-5064

{b) Photograph of model in tunnel with bent sting.

Figure 2.- Concluded.



(a) Straight sting.

(b) Bent sting.

Figure 3.- Shadowgraphs of model at a = 300,
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{a) Body-axis data.

48

52

56

60

Figure 4.- Effects of tip and center fins on the longitudinal aerodynamic characteristics. & = 0°.



= = . { "‘ s =g T = L LR A G = i T T o 2
‘ ’ . i id
.04
2 - 2 :'%:9” Hﬁ}ﬁ 02
[ — R
i i I~
b ~ .
A
-2c
L2} -4
18
4 --06
12 __p -.08
O P =l
-8 =gyl
)% T
/b .4
ol
0 1]
-4 .96
£
; .88 5e
ki
2
.80
12
.64
.56
-
.48 CD
“ B @ ;
-56 kel L] 32
~
P
48 =% 24
.40 /Q 16
o e
32 S | - 08
c O+ — Ps K
L :
24 57 o
e
4 Tip fin Center fin
-16 O of of
g g 1 off
= b 5
'08 /@/2/
. i
éi;ﬁf
-.08
-4 0 4 8 12 16 20 % 28 32 % 0 4 a8 52 56 &
o, deg
(b) Stability-axis data.
Figure 4.- Concluded.
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Figure 6.- Comparison of trim characteristics at M = 10.5 with data at M = 6.8 from reference 15.
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(a) Low angles of attack, straight sting.

Figure 8.- Variation of directional and lateral characteristics with sideslip angle for configuration with fins off at 5 = 0°.
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Figure 9.- Variation of directional and lateral characteristics with sideslip angle for configuration with tip fins on.
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Figure 9.- Continued.

{d) b = -30°, bent sting.



01
Lo}
0|
N § TPl
I~
o | &l | ™
O U\\h
-.01 [ ] S
~d s
" RS
.02 s
-.03
.02
4
)/
ol S
| O
)
vl ,n//c
e ]
c, g1 | P e
L+
.04 a, deg
0 .8
O 543
0o 5 O 503
Cy 0 ™
a
Y u\\c 0]
% SN
™~ ™ b
-.04 ™ y - \m
‘ IRNEERND
-.08
\/‘\Y\
-12
2 0 2 6 0 12 u
B, deg

{e) g = -45°, bent sting.

Figure 9.- Concluded.

o]

41

ned



- - T = - - - - - - = = - 7T "7 37
-.01
05 =] Ol o
G
% G=o) 01
Op A A 0 R
= — A B—
—A—N%_A N —B\‘B—\% |
C
-0 1 i
B o g
~
B (R o T
o
L_\
02 — -0l \o\ﬂﬁ
0 =2 -.02
O o™
i | O | CH
O [~ .02
o]
o P ’O_/—O' =
= = il —
c, L N Y
AN LS
0 < LT S el o
< <A ] EN N I
A o]
A L1
U [ Cq N n Ehy = oD
;2 el
G/‘
d ol
-.01 & a:(l:g a) o
o 50
0o 2 -0l
N 202
0 9 D 252 0
o 0 303 (BN .
Sy N
Os 6 Cy Oy &
Y
0a A ™ - o 00 RO N
S el e EX ™
e N Y N o ik S N
G pAY !
NEREEY ol | P
EaY = X
-.08 . ~.08 -
A e
a0 2 4 6 8 1 12 1 270 2 4 6. 8 0 1z u
B, deg B, deg
{a@ 08 = 09, straight sting.
Figure 10.- Variation of directional and lateral characteristics with sideslip angle for complete configuration.
42



.01 RilS
0o N T 9—ra-d a9 - T 90
0o = b Tl =t ] —{] F—t | &
b
’ = G
¢ CTot—le © T o
. A © ” P O Y
A\ o> .y (AN A
AL | ™~
Fo-_]
01 B \A\
- ~stx -01 ]
=02 -.02
.03 .03
.02 —q .02
.01 .0 9
/Q/ e e et sl Fl
s oy - -
" o | a1 & P —
: L]
i i gl b Baggl
OD |Big /<>, OD Big 0— <]
|1 Cn AT A
N <] L ar® 0 | o] 4]
4 ér//ér > I\ A//_
a1 a1
OA OA Z)
a, deg _ a, deg
-0l o 00 01 o -01
0 101 0 10.0
O 20.2 O 201
o 9 A 303 to = A 302
e
OD IEN \C\ 0(:] .
Nk ¢ 4 g
0, ™~ 0 Ie ™~
o ~ T (% b ~ o
B A ™~ \C]\ 3 i A - 3
~a) Ra A Nl gl
-.04 = —t XD \D?g -4 = _\\ S ERNE R
N ™~ y N [ B
> \\A ©
-.08 Q\A -.08 '—\\A
- -12
'Igz 1} 2 4 6 8 10 12 14 -2 0 2 4 6 8 10 12 14
B, deg B, deg
(D) 8 = 159, straight sting. {c} B = 30°, straight sting.
Figure 10.- Continued.
Y 43



-

o -— —y - — g g w— -— e — —
.1
0 £ Lt
B T
“ 0
O ]
™A o
A
-01
\ﬂ\
i
-.02 -
-0
.03
02 +
+1
.01 > =
|9 | 5
/O/ B
e} &g et
/E 1>
/‘
1<
V] . .
Cn & //O‘ /\,J/A
N ] l
"
2t
oA 7] /A
-,01
d a, deg
o o -0.1
: o 100
o NN O W2
A 303
c \r l
Y A
B 5
\\ \E\
OA O \0 \\C
~L | el D
Ay
-.04 2% oY z \(‘
o} ;‘3
-08 A "
~12; 0 2 4 6 g 10 12 14
B, deg

44

{0) 8 = 45°, straight sting.

Figure 10.- Concluded.
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Figure 30.- Mach number distribution at a stagnation pressure of 750 psia (5.171 MN/m2).
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Figure 31.- “Mach number distribution at a stagnation pressure of 1200 psia (8.274 MN/m2).
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Figure 32.- Mach number distribution at a stagnation pressure of 1500 psia (10.342 MN/m2),
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